General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 



tTvLPrUNT 



i lltf 



7// SV' 


A CANOPY-RELATED STRATIFICATION 
OF A SOUTHERN PINE FOREST 
USING LANDSAT DIGITAL DATA 


(NASA-TK-X-7 1 laU) A CANOPY-RELATED 
STRATIFICAi TON OF A SO'JTHEHN PINE FOREST 
USING LANDSAT DIGITAL DATA (NASA) 16 p HC 
$3. 50 CSCL 02F 

G J/43 


N76-3164 1 


Unclas 

03295 


DARREL L. WILLIAMS 


AUGUST 1976 




GODDARD SPACE FLIGHT CENTER 

GREENBELT, MARYLAND 


I 


1 


I 


x-y2;j-7<i-i8M 


A CANOPY-HKLATKI) ST HAT I FIC AT ION OF A SOI TIIFHN 
I'INE milKST USING LANDSAT DIGO Ai. DATA 


Darrel L. Williams 
Karth Ht;sourcfs H ranch — Ccxle !)2y 


Au(;ust IU70 


GODDARD SPACE FLIGIH' CENTER 
Grcenbelt, Maryland 



I 


A C ANOl'Y-UKLATKI) STHATII K'A'l ION OF A SOI TIIFHN 
• ‘INK 1T)HFST I'SING LANDSAT IJIGII Al- DATA 

Durrel D. \Silllams 
Larth kesourcfs Hranch — C\kIi> 923 


HIfKiHAlMlICAL .SKKTCII 

Darix-I WlllianiH Is a Forestry SjK'fiallst with the Farth Uesourees Hraneh at 
NASA's tloddard Space Flight Center, and discipline scientist for (ISFC's Infor- 
mation 'rnuisfer l.aboratury (Litralah). He received his H. S. and M.S. in 
Forest Uesourees from the Pennsylvania State I'niversity. Since 1972 his re- 
search has involved di({ital ima^e processing of remotely sensed data, as 
applied to the Agriculture Forestry, Uange discipline. He is a member of the 
■\S1’, SAF and A FA. 


AHSTUACT 

An investigation was undertaken to determine if a consistent stratification of a 
Southern pine forest tn»uld be obtained by using Landsat multispectral scimner 
data to a.ss(?ss crovn closure. Winter and summer Landsat scenes of the .North 
Carolina coastal region were analyzed individually ami then registered and 
merged to take advantage of temporal changes in the forest canopy. Three 
levels of pine crown closure were accurately delineated. The applicai)ility of 
tliis stratification as supplemental input to a forest inventory system is also 
discussed. 
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A CANOPY- Uhi.ATKI) STUA'l I KIC ATK )N Ol' A SODTIll.ltN 
PINK I-OPK.ST PSIN(i i.ANDSAl DKIH AI. DAI A 

IM UODt C'l ION 

Sliic’i* KumiHut inultis|iecti al :<t'anner (MSS) data lu'came avullahic in July of 
PJ72, iiunicnMis invi*Hlit{ulionK have been un<iertaken to analyze Itn potential lor 
o|KM'ati<»nal applieations In lorewtry. The results, in j^eneral, have been similar 
to those reported by Kan and Dillman (I'J75); namely, that Kiuidsat M'iS data 
can be effectively us«‘d to separate the forest features of softwou<f, hanlwoml, 
and re){eneration wUh accuracies in the onler of 70 to 80'.. one noteworthy 
investtnation went a step further however, and demonstrated the utility of 
incorporating lauidsat daUi into the first sta^e of a multistage sampling scheme 
(lesinned to estimate timber resource inventories. 'I he predominately oUl- 
){roMth timber m the Plumas National Korest in California was stratifie<l into 
subclasses related to timber volunie usinK photointerpretation ami i'ompul«*r 
piocessln>t of I.andsat data, and this approach resulted In equal precision in 
estimation at a 4-l9f cost savings In comparis«>n to conventhmal MiCthmls 
(Nichols et ai. , PJ7I). 'riius, usin^ DandsaC data, major economic bimefits 
will be realized In areas where the forest can be consistently .;ulMlivi<led into 
strata prior to sampling, such that each stratum is more homogem*ous with 
respect to the variable being measureil. 

Csing conventional aerial photography, variables such as tree ludght, crown 
diameter, crown closure, crown area and the number of trees |K-r unit area 
have been measuretl and used by forest-land managers to olitain reliable 
estimations of timber volume (Thorley, 1975). However, assessment of the 
Ciuiopy- related variables is the only feasible approach to a consistent stratifi- 
cation using luindsat data, particularly in view of the 80 meter resolution. Thus, 
an investigation at G.SVC's Intrulab was undertaken to determine if a consistent 
stratification of a .Southern pine forest could be <ibtained by using I.andsat M.SS 
data to assess crown closure. 

T HK STPDY AHKa 

A 21,300 hectare (1)0,000 acres) commercial forest in North Carolina’s 
.Southern Ihne Region was chosen as the stuily area (Fig. 1). Intensive forest 
management practiced in the study area for several years has resulted in a 
full spectrum of forest cover conditions, such as clearcuts, various stages of 
growth following artificial regeneration of pine, and natural stands of both pine 
and hardw(X)d. Hlaek and white, color, and color IR aerial photogra{)hy were 
available, as well as detailed maps and records showing stand age and 8jh*cIcs 
composition by compartment. 
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MKT HODS 


Winter (2<) Feb. '7-1 ID*» I r>h.’l- 1 .il OO) M in. *) ;»•><! buinim r (.'to Auh. '7.'t ID* 
1403-15134) Limisat-1 data weiv analy/rd individually and tlien re){iMtere<l 
Kuometrleally and inerued in onler to t.ike advanl.i^e of tem()oral c’h:inKe8 in 
the foieKt canopy. Coinf»uter |)roces.slni 4 was accomplished uslriK the I*enn 
.Suite (iltSKH system (.Me.Murtrv et al. , 11)71), with the standard analysis 
a|>proach of selecting training areas, obtaining spectral Kl);natures and other 
sUitistics for these areas, and then el:i.s.sllvlnK the entire study aiea ba-sisl 
u)H)n these statistics, tb'ometrle rei*ist ration of the t\i<» l.;iiidsal scene.s was 
accomplished usin^ the .SMII*S VK’AH system (Molk, ll)7(»). 



Fljrurc 1. A Landsat \’lcw of the North Carolina Coastal Itet^ion on Feb. 

20, 1074. (NO'I'K; The orij^iiial was the standard 1:1,000,000 
color composite. ) 
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WINTKU \LSS D/VI A 

As cxpccteil, the hardwouci and pine fort-at ciuiopicH hud dlhtlnctivc apoc’- 

Irul charui'terlatiea In tht* uUiUt accne. Spectral Hlttnatu.'ea were also ex- 
tracted for clearcula and areas of pine reKcnerution. All attempts to aulallvlde 
ujiy ol these broad C'*f Tories Into spectrally separable subcateKoriea relati'd 
to crown closure or other abiml characteristics were unaucceaaful uslnn the 
winter data. 

SI MMKH MSS UATA 

Next, the 30 Auj;. '73 laindaat data were ;inaly/.ed, ;in<l to the extent poaalble, 
the training areas selectwl In the winter sctaie were again used. The extrac- 
tion of separable hanlwood and pine spectral signatures, straightforward In the 
wlnti*r scene, was nither difficult to t>ljlaln from the August data. 'I hls was not 
totally unexpected since the difference in spt'ctral reflectance ehiiracterlstlcs 
slioulil be greatest when these is no haixlwi>od foliage reflecting incoming radia- 
tion. Ah in the winU-r scene, signatures were also extracted for clearcuts and 
rireas of pine regene rat i<m. It should be note<l that the spectral reflectance and 
standard deviations for all categories were higher for the August data than the 
Fibruary data, primarily because a higher sun angle results in greater illumi- 
nance of the summer scene, anil because of the abundance of lush vegetation 
(e.g. grasses, weeds, hardwoixi seedlings and stump sprouts) with nearly com- 
plete foliar development. 

.Again, altemjits were made to further stratify the forest canojiy. Photointer- 
pretation of the variou.s forms of available :ierial photography revealed varying 
degrees of pine crown closure which might be discernible using L.uidsat MSS 
data. Three different categories of crown closure were outlined on the aerial 
photography, and each was named and defined as follows: 

closed canopy pine — a dense, homogeneous crown cover obscuring all 
ground vegetation. 

partial pine canopy closure — crowns smaller in size, such that small 
openings in the crown canojiy exist, and some ground vegetation would 
therefore be sensed by :ui airborne scanner. 

open cano))y pine — crown development such that nearly equal amount.s of 
forest canopy and grrxind vegetation would be sensed by :ui airborne 
scanner. 
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Several trulnltiK ureuH for eueh new cateKory were Helecle*! atui KlutitiUeal 
analyaeH pi'rformed. Thla time the H(K>etrul HlKnuturea for eaeh pine Mubeule- 
Kory were HtutiNtieully neparable. The iii({nuture8 revealed a rather IntereHt- 
int; relatlonHhip In that the reMpon^e differenceH ladween Nul>eat«.*ttorieb were 
minimal in MSS haiulH 4 and 5, but there wun an increuHe in refleeUtnee in 
MSS bandH (i and 7, as the canopy became more <jf)en. I'hih increaite in Hpectral 
reflectance ciut Ih> explained by the increuKed influence of the luMh ground 
vegeUttion prevalent in the August scene. 

Although this appraisal of crown closure is not a direct measure of individual 
tree variables, it could allow a relative assessment of average tree sisre and; or 
the number of trees per unit area. IJy combining this type of information with 
existing records and observing the closure advancement over time, forest-land 
managers may be able to draw conclusions concerning the growth rate and 
quality of forest stands, in addition, this stratification of the pine po|Hilation 
could be used to obtain a more representative sample for timber inventory 
estimates. 

Consider, for example, the widely acce|?ted sampling approach known as 
stratifieil random sampling. In this statistical tecludque, a |K>pulatlon is 
subdividcil into strata prior to sampling, such that each stratum is more 
homogeneous with respect to the population variable being assessed. A random 
sample is then taken from each stratum, often with the sampling fraction 
proportional to each stratum's share of the entire poiudation. In comparison 
to a simple r:uidom sample, this approach usually has the advantage of main- 
taining equal precision in estimation at a lower cost. A cost reduction is 
reall/.ed because the stratification o|)timi/es the selection of representative 
samples so that fewer ground plots are generally needixi. 

TKMIHIUAL MSS DATA 

In the final sUige of ar; 'ysis, MSS data from the two l.andsat scenes were 
registered geometrically to yield « channels of temjxjral data. In addition to 
the training an as previousl.\ se'ected, statistics wei'* oiilained for a forested 
site which had burned during the six month time lapse between /August and 
Kebruarv'. Forest stands wliich were harvestixl, or olhetavise destroyed 
during the sLx month intei’val, were expectetl to have unique spectral signatures 
because of the lush vegetation present in August and the lack of vegetation in 
February. This assumption was verified when a classification of the study 
area was performed using temporal spectral signatures. Figure 2 is a jiortion 
of the computer classification of the study area using l.andsat temporal data. 

It shows all of the categories delineated during the investigation. Table 1 
summarises the advantage of using temporal data. 
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T ililr ' 

A Summ-irv of thi* C'at»-Koi1<*n I ^lt^K \Unlor, SuinnuT 

and Triniioral l>ata S<*tN 


Category 

Category i)«‘llneutlon 

Fe b 74 

Auk 73 

Feb 74 4 Auk 73 

Hardwood 

YFS 

No 

YK.S 

C'IosihI Canopy I*tne 

NO* 



Partial Crown Closure 

NO* 


YF.S 

(>|x*n Canopy Hne 

NO* 

YF.S 

YF.S 

K(*t{L'ne ration 


YFS 

Y FS 

Cleareut 


YF.S 

YFS 

ChunKe (vi*K. to cleareut) 

NO 

NO 

YFS 


•An overall pine eut<*j?on' ,'aH iwtraeted UHln^ 2<i l eli, '7-1 «lata, l)ut a 

breakdown Into meanln^lL.l HubeateKorleN was not |xMnlble. 

In reference to the table, the followlni^ tiliHervatlonH an«l/or eoneluHloiiM can be 
made: 

(a) The seiKirailon of haniwocxi and pine, achieved mainly with February 
'74 data, and the pine eati'Kory breakdown, achieved only with the 
Au^uat '73 daUi, were both aeeoinpIlNlied ualtiK tem|x>ral data. 

(b) Change detection (e.j;* from forest vc*)»rtallon to elearcut) can easily 
be obtalne<l from the tem|M>ral data, aMowini; rapid up«'ute8 In 
harveatlnx aetlvltlea, or eatUHtrophlc »‘vent8 aueh aa fire. 

(c) Analysis of tem|x)ral data results In a higher or»ler elassiflcation, 
us more vectors (l.e. 8 vs. 4) are lncorpor:itc*<i Into the decision- 
making pnx'ess. Thus, computer analysis of temporal data should 
result In Imfiroved cl:issifieation accuracy, as lonn as care is taken 
to Insure pro|K>r registration of the data. 

ItKLIAHILn y OF I.ANDSAT C’l.A.SSI Fit' ATION 

The final phase of the investigation was concerned with rletermlnlnn the 
rellalillity of cuteKory delineation usIdk l.ands:it data. Color and color IK 
aerial photography, which pmvldcd coverage of two-thlnls, iuul the* remalninK 
one-thlnl of the study area, respc'ctively, were interpreted :uid compared with 


(i 


















the t'ontpuU'r cIub.. illcatioit rehultn. 'I here are proltleiiiB with Hueh coni(NirtH<jn8 
however, lecau^u phot<>triterpreU r lU-lineatliMiM Hhuuld nut be i'onhl<l(<re«l «■ 
"ui>«olutt* Kruund truth". V.irlal)k'N ure uiwuyM Itivolveil due to interpreter 
fitM^ae, hla ability to detect Kcaduul chiinKCM in cover ty|K*k and his ability to 
make conbktent deci»tuni. In addition, dlfferencea may (x’cur due to l.:indi«at'M 
"aventKbii; of condltlonK" over 1. 1 acre namples verau* hUch resolutlcjn 
pKoioftraphy where individual tree crowna may be oiibervuble. For tht>8e reu- 
Hona, comparlMona should be expreai««Hi in terma of the percenloKe of 
".mreenicnt", and not the percent "correct". 

the general procedure used to compare the aerial photography alth the laindHiit 
classification was: (a) pliutointcrprcter delineation of cutcKorles uslnk the 
previously selected training areas as u reference; (b) transfer ral of these 
delln«‘u(lons unto mylar which uus then (A^erluld onto the computer classifica- 
tion; and (c) comparisiMi of the two claHslflcutluns at 2'\2 randomly located |M>lnts 
(l.e. sli;{htly more than u i'ii sample). 'I'able 2 summarl/es the results of this 
comparative effort. The photointerpreter classifications appear across the top 
and the computer classification of lamdsat data appears aloiiK the left-hand 
side ot the table. The numbers on the dlagunul, ruiuiltiK from upper left to 
tower rlkht, represent those pixels wliieh were in lOOT aRreement. All re- 
maininK numbers indicate those points of com{Ktrisun which did not ;igree. 

For example, readlnR across the first rou, labeled huniwoud, one can see that 
of the 32 randomly selected pixels classified as hur'.iwfXKl by the com(xjter, 

3U agreed with the photointerpreter classification, while 2 pixels were classi- 
fied differently by the photointerpreter; namely one each into the partial and 
open canopy pine categories. I'hls is expressed as a IM'i agreement for thi‘ 
hardwood category. Hy summing the numbers on the diagonal (K>2), and 
dividing by the total number of ramlom comparisons (232), tU* rn'erall agree- 
ment for all categories was calculated to be 70%. For Individual categories, 
the pt>rcentages of ;igreement range from a low of S-l'^ for clearcul, to a high 
of 94% for haniwood. These results look unfavorable :uid excellent, res|X'C- 
tlvely. However, close examination «jf th<‘ table will reveal that of those pixels 
which do not agree, the vast majority fall into nearest neighbor categories on 
either side of the diagonal. This can be expected due to the subtle dllferences 
one must observe to distinguish between, for example, the more advanced 
stages of partial pine canopy closure and th€> less dense areas of closed cano^iy 
pine. In fact, the photuinterpreter staPxi that consistent delineation within the 
pine classes presented the greatest problems, and in the /ones of transition it 
was quite difficult to decide on the boundaries between classes. For certain 
neighboring categories, such as regeneration and clearcut, the pc'ixentage of 
"overlap" is quite high, and tends to degrade unjustifiably the computer classl- 
ficatioo results. 
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l uble 2 

of ConiparlHon HHu* i*n Air Photo Intrrprotutlon and Computer 
C'laHMlflcatlon of UindHat DlKltal Data, (NtiTK: 'I'he computo** classification 
was arl)Urarlly chosi'n as the basis of comparison In the tabulation 

of results below. ) 


I'hotolnterpreter C'lasslflcatlon of Aerial Photos 
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llard- 

WOOll 

Closed 

Canopy 

I’lne 

Pa ttlal 
Pine 
Cano|)y 
Closure 

. J 

Open 

Canoi)y 

Pine 

Itegen- 
e rati on 

Clear 

cut 

Com- 

puter 

Pixel 

Count 

% 

Agree- 

ment 

lla ihI- 
wood 

30 


1 

■ " ■ 1 
1 



32 

9*1' 

Closed 

Canopy 

IMne 


y 

T) 

2 



10 

50% 

I*!' li' 
Fine 
Canopy 
Closure 

1 

(i 

15 

5 

1 


27 

56% 

< )|jen 

Canopy 

IHne 



3 

53 

5 


02 

87%. 

Itegen- 
c ration 


1 

1 

17 

37 

7 

(i3 

59% 

Clearcut 





15 

LiJ 

33 

54% 


102/ 

232 

70% 


HKGHOL'PING OF HKSFLTS 


In view of the points made In the forcKolnK discussion. It Is appropriate to re- 
ftroup the results presented In Table 2. Since the KreuU'st potential for error 
was the subjectiveness Involved In delineating the various pine classes, the 
four plne-reiated classes of closed, partial, ofH*n and regeneration were 
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romhlmni Into ono ciaHM callud pine. '1 al>le .t l>i*low .showb the roMiltn of UiIh 
r«*Ki'oiipint; effort. No new photoliilc'rpivlaUon wiih iJoiio; the rcHulLs wori* JuNt 
r^’KPouptMl a» tndlcrtotl by thi- l»old lint*8 in Tal»l«* 2. 


Tuiilo 3 

lii'HiiltH ul lU'ttroiipintr tiu Data in Tat)lo 2 




'x^^^inoal 

Coiuputer^v^ 

llardwooii 

1800 

Cleareut 

CompuU'r 

I'lxel 

Ctxoit 

I'ercent 

Agn*entent 

liartlwootl 

30 

•> 


32 

04% 

l»lne 


too 

7* 

107 

00% 

Cleareut 


if)* 

18 

33 

r>4% 


208/ 

232 

00% 


♦'I’hfse pixels of (ilsaKreement were betwa'en the nearest neinW>or 
eutejjorles of regeneration and cleareut. See 'I'able 2 for details. 

Once attain, the values on the diaf^onal represent anreement. In this case, the 
overall ajjreenient is 'J0%, while the agreement fr>r the individual calenories 
of hardwootl, pine, :ind cleareut are S)4Tf, and ry\%, respectively. It is 

obvious that the rej;rouplnn did not alter the result; for hanlwcxxl or cleareut, 
but the levr' of disagreenjent in the cleareut eatenory is more Kbirin^. 'I'his 
discrepancy can be explained by the fact that the color lUid color lit photot?raphy 
was flown In February and Aj)ri! of lt)7;>, approximately 18 to 20 months after 
the Auk '"3 Lantlsat coveniKc and about a year after the Feb *74 overpass, 
which is ample time for rcKcne ration to have been initiated in lids intensively 
rnanuKed commercial forest. 

SUMMARY 


A stratification of a Southern pint lorest, based upon an assessment of crown 
closure, was obtained by computer analysis of summer and temporal I.andsat 
di Ptal data. Computer processing of I.:uidsat «iata provides an im|K>rtint 
• Icment of consistent, rc{H*atable stratification based upon spectral ch:iracter- 
istics, thu a avoiding the inherent variability in humiu; decision-making. The 
reliability of the classification in this investigation was verified by a comparison 
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with aerial photography, and tha ag raamant waa in the order of 90%. Similar 
(iemonstrationa of auooaasful atratifioationa of foreata would be a giant atcp 
toward eatahllahlng Landaat aa a bona fida oparational alternative for foraat- 
lund managera. 
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